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(54) AIR SEPARATION MEMBRANE MODULE 

(57)Abstract: 

PURPOSE: To provide an air separation membrane module 
generating no lowering of capacity due to the pressure loss in 
a transmitted air passage and having high volumetric 
efficiency. 

CONSTITUTION: A transmitted air passage material 3 is held 
between flat air separation membranes 2 partially constituted 
of an air impermeable membrane 4 and the air separation 
membranes 2 are spirally wound around an air supply and 
discharge pipe 5 having an air supply pipe 6 and an exhaust 
pipe 7 integrally provided thereto along with a raw material air 
passage material 1 and one winding start parts of the 
membranes 2 communicate with the raw material passage 
material 1 and the air supply pipe 6. The air separation 
membranes 2 are bonded to the air supply and discharge pipe 
5 so that the transmitted air passage material and exhaust 
pipe 7 communicate each other and the winding end parts 

thereof form the air separation membranes 2 into a bag shape so as to airtightly close the 
transmitted air passage material 3 and both side end parts in the winding direction are sealed so 
as to airtightly separate a raw material air passage and a transmitted air passage and, in the 
process from winding end to winding start, the transmitted air passage material 3 is made 
successively thick. 
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JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] Transparency gas passage material is inserted by flat film-like gas permeation 
membrane or the gas permeation membrane of the shape of a flat film by which the part was 
constituted from gas nontransparent film. The gas permeation membrane and the raw material 
gas passage material which sandwiched said transparency gas passage material are made into a 
lot in piles. Around air-supply-and-exhaust tubing with which the exhaust pipe which exhausts 
this feed pipe which supplies raw material air for a lot at least and transparency gas was united, 
in the shape of a spiral Winding, The feed pipe of raw material gas passage material and air- 
supply-and-exhaust tubing opens the first end of a volume for free passage. Said gas 
permeation membrane is pasted up on air-supply-and-exhaust tubing so that the exhaust pipe 
of transparency gas passage material and air-supply-and-exhaust tubing may be open for free 
passage. The end of a volume end makes said gas permeation membrane saccate so that 
transparency gas passage may be closed airtightly. The both-sides edge of the winding direction 
is the gas-permeation-membrane module which is a gas-permeation-membrane module closed 
so that raw material gas passage and transparency gas passage might be separated airtightly, is 
the process in which it results from a volume end at the beginning of a volume, and thickened 
said transparency gas passage material one by one. 

[Claim 2] Transparency gas passage material is inserted by flat film-like gas permeation 
membrane or the gas permeation membrane of the shape of a flat film by which the part was 
constituted from gas nontransparent film. Close the both-sides edge of said gas permeation 
membrane, and the gas permeation membrane and the raw material gas passage material which 
sandwiched said transparency gas passage material are made into a lot in piles. At least, around 
an exhaust pipe, in the shape of a spiral, said gas permeation membrane is pasted up on an 
exhaust pipe so that this exhaust pipe with which the winding and first end of a volume exhausts 
a lot, and transparency gas passage material may open a transparency gas for free passage. The 
end of a volume end is the gas-permeation-membrane module which is a gas-permeation- 
membrane module which made said gas permeation membrane saccate as transparency gas 
passage is closed airtightly, is the process in which it results from a volume end at the beginning 
of a volume, and thickened said transparency gas passage material one by one. 



[Translation done.] 
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JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the spiral mold gas-permeation-membrane 

module which comes to wind the gas separation bipolar membrane of a flat film. 

[0002] 

[Description of the Prior Art] The gas-permeation-membrane module of the spiral mold which 
generally comes to wind a flat film sandwiches the transparency gas passage material which 
forms transparency gas passage by flat film-like gas permeation membrane, it pastes up gas 
permeation membrane on hollow tubing so that transparency gas passage may be open for free 
passage in the hole of hollow tubing which has a hole, with the raw material gas passage material 
which forms raw material gas passage, is wound around the surroundings of hollow tubing and 
constituted. Moreover, in Japanese Patent Application No. No. 24971 1 [ four to ], the artificer 
etc. pasted up gas permeation membrane on hollow tubing so that transparency gas passage 
material and raw material gas passage material might be open for free passage in the hole of 
hollow tubing which has two or more independent holes, respectively, and he proposed the gas- 
permeation-membrane module constituted by winding around hollow tubing. 
[0003] A raw material gas is made into air about separation of the gas of the above-mentioned 
conventional gas-permeation-membrane module, and concentration, and the case where 
separate nitrogen and it condenses is explained using drawing. 

[0004] Drawin g 5 and drawin g 6 are the examples of the gas-permeation-membrane module of 
the conventional spiral mold. Drawin g 5 (a), The cross-section perspective view in which (b) 
developed the sectional view of the gas-permeation-membrane module of the conventional 
example 1, and the gas-permeation-membrane module, respectively, Drawin g 6 (a), (b), and (c) 
are the sectional view of the gas-permeation-membrane module of the conventional example 2, 
the cross-section perspective view which developed the gas-permeation-membrane module, and 
the sectional view which developed the gas-permeation-membrane module in which gaseous 
flow is shown, respectively. 

[0005] In drawin g 5 , 22 is the gas separation bipolar membrane of the shape of a flat film of 
having formed gas permeation membrane on the porosity base material, and by return, a clinch 
part rolls it and, finally it has become so that the transparency gas passage material 23 may be 
inserted. Moreover, the both-sides edge of the winding direction (it is perpendicularly to hollow 
tubing) of the gas separation bipolar membrane 22 is closed with the sealing agent 25, and the 
gas separation bipolar membrane 22 has pasted up the first end of a volume on the hollow tubing 
26 so that the transparency gas passage material 23 and the hollow tubing 26 may be open for 
free passage. Raw material gas passage is released. 

[0006] In the above-mentioned configuration, if raw material air is supplied to the raw material 
gas passage which consisted of raw material gas passage material 21 in the direction of an arrow 
head (continuous line), raw material air flows the front-face top of the gas separation bipolar 
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membrane 22 which penetrates oxygen preferentially. Then, oxygen flows and goes the 
transparency gas passage which penetrated the gas separation bipolar membrane 22 
preferentially, and consisted of transparency gas passage material 23 in the direction of an 
arrow head (broken line), and is discharged from the hollow tubing 26. Therefore, it will pass 
through a gas separation bipolar membrane top, and, as for the air which came out from the gas- 
permeation-membrane module, nitrogen will be condensed. 

[0007] Drawin g 6 sandwiches the transparency gas passage material 23 by flat film-like the gas 
separation bipolar membrane 22 and the gas nontransparent film 24. Moreover, with the raw 
material gas passage material 21 By the gas-permeation-membrane module of the spiral mold 
wound around the surroundings of the air-supply-and-exhaust tubing 27 which has the 
independent feed pipe 28 and an exhaust pipe 29 The gas separation bipolar membrane 22 and 
the gas nontransparent film 24 are pasted up on the air-supply-and-exhaust tubing 27 so that a 
feed pipe 28, the raw material gas passage material 21, and an exhaust pipe 29 and the 
transparency gas passage material 23 may be open for free passage, respectively, and it has 
closed so that raw material gas passage and transparency gas passage may be further separated 
for the both-sides edge of the winding direction airtightly. 

[0008] If raw material air is supplied from the feed pipe 28 of this spiral mold gas-permeation- 
membrane module, the front-face top of the gas separation bipolar membrane 22 is flowed in the 
direction of an arrow head (continuous line) in a raw material gas feeder current way, and 
nitrogen can be condensed by preferential transparency of oxygen like the gas-permeation- 
membrane module of the conventional example 1. By this gas-permeation-membrane module, 
when raw material air flows in the winding direction, distance in which raw material air flows a 
gas separation bipolar membrane front-face top can be lengthened, and a gas-permeation- 
membrane module with high concentration effectiveness is obtained. 
[0009] 

[Problem(s) to be Solved by the Invention] However, the thickness of the transparency gas 
passage material 23 of the above-mentioned conventional gas-permeation-membrane module 
becomes fixed [ the cross section of the passage where a gas flows in the process in which it 
results at the beginning of a volume, from a volume end since it is fixed ] anyway. On the other 
hand, as the flow rate of the transparency gas which flows the inside of the transparency gas 
passage material 23 is shown in drawin g 6 (c), it is the process of gas separation bipolar 
membrane in which wind and it results [ from the end ] in a cut water, and sequential addition 
will be carried out, it will increase, and the transparency gas of the amount penetrated all over 
gas-permeation-membrane 22 will pass in an exhaust pipe 27 and a part open for free passage. 
It is proportional to increase of a flow rate, and flow resistance also increases, and when the 
thickness of transparency gas passage material is not enough, flow resistance becomes large, 
pressure loss is produced, predetermined differential pressure is no longer obtained through gas 
permeation membrane, and it becomes impossible that is, to secure sufficient engine 
performance in the transparency gas passage material of fixed thickness (the cross section of 
passage is fixed). 

[0010] Moreover, it sets among transparency gas passage into the exhaust pipe with which a 
transparency gas flow rate increases most, and a part open for free passage. When the 
thickness of transparency gas passage material is determined that pressure loss will become 
small enough, Beyond the need, transparency gas passage material will become thick, the 
appearance of the wound gas-permeation-membrane module becomes large as it results [ from 
an exhaust pipe ] in a volume end part, since the thickness of transparency gas passage material 
is fixed, and the volumetric efficiency over the engine performance of a gas-permeation- 
membrane module will fall. 

[0011] Since the method which carries out pressurization supply of the raw material gas is 
generally taken in the gas-permeation-membrane module of a spiral mold, the volume of a supply 
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gas drops to several [ under atmospheric pressure / 1/]. since [ on the other hand, ] a 
transparency gas serves as atmospheric pressure — the flow rate of a transparency gas — 
several times of a supply gas — becoming — the thickness of transparency gas passage 
material — several times of raw material gas passage material — being needed . Therefore, the 
rate of a volume ratio which the transparency gas passage material in a gas-permeation- 
membrane module occupies becomes high, and it becomes the important technical problem of 
improvement in volumetric efficiency, i.e., the improvement in the engine performance, and a 
miniaturization how transparency gas passage material can be made thin. 

[0012] This invention solves the above-mentioned conventional technical problem, and it aims at 
offering the gas-permeation-membrane module which was excellent in concentration 
effectiveness and volumetric efficiency. 
[0013] 

[Means for Solving the Problem] In order to attain this purpose the gas-permeation-membrane 
module of this invention Transparency gas passage material is inserted by flat film-like gas 
permeation membrane or the gas permeation membrane of the shape of a flat film by which the 
part was constituted from gas nontransparent film. The gas permeation membrane and the raw 
material gas passage material which sandwiched the above-mentioned transparency gas passage 
material are made into a lot in piles. Around air-supply-and-exhaust tubing with which the 
exhaust pipe which exhausts this feed pipe which supplies raw material air for a lot at least and 
transparency gas was united, in the shape of a spiral Winding, The above-mentioned gas 
permeation membrane is pasted up on air-supply-and-exhaust tubing so that the feed pipe of 
raw material gas passage material and air-supply-and-exhaust tubing may open the first end of 
a volume for free passage and the exhaust pipe of transparency gas passage material and air- 
supply-and-exhaust tubing may be open for free passage. The end of a volume end makes the 
above-mentioned gas permeation membrane saccate so that transparency gas passage may be 
closed airtightly. The both-sides edge of the winding direction is the gas-permeation-membrane 
module closed so that raw material gas passage and transparency gas passage might be 
separated airtightly, is the process in which it results from a volume end at the beginning of a 
volume, and has the configuration which thickened the above-mentioned transparency gas 
passage material one by one. 

[0014] Moreover, transparency gas passage material is inserted by flat film-like gas permeation 
membrane or the gas permeation membrane of the shape of a flat film by which the part was 
constituted from gas nontransparent film. Close the both-sides edge of this gas permeation 
membrane, and the gas permeation membrane and the raw material gas passage material which 
sandwiched the above-mentioned transparency gas passage material are made into a lot in piles. 
At least, the above-mentioned gas permeation membrane is pasted up on an exhaust pipe so 
that, as for the winding and first end of a volume, this exhaust pipe that exhausts a transparency 
gas, and transparency gas passage material may open a lot for free passage in the shape of a 
spiral around an exhaust pipe. The end of a volume end is the gas-permeation-membrane 
module which made the above-mentioned gas permeation membrane saccate, as transparency 
gas passage is closed airtightly, it is the process in which it results from a volume end at the 
beginning of a volume, and has the configuration which thickened the above-mentioned 
transparency gas passage material one by one. 
[0015] 

[Function] The gas-permeation-membrane module with high volumetric efficiency which can 
reduce the high transparency gas passage material of the rate of a volume ratio in a gas- 
permeation-membrane module, and does not have the degradation by pressure loss since 
transparency gas passage material becomes thick one by one and passage becomes large in 
connection with it even if the flow rate of a transparency gas carries out sequential increase in 
the process in which it moreover results [ from a volume end ] in a cut water is realizable with 
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this configuration. 
[001 6] 
[Example] 

(Example 1) One example of this invention is explained below, referring to a drawing. The 
sectional view where, as for drawing 1 (a), the sectional view of the gas-permeation-membrane 
module of this example, drawin g 1 (b), and drawin g 2 developed the gas-permeation-membrane 
module, and drawin g 3 are the examples of use of this example. 

[0017] In drawing 1 , 1 is raw material gas passage material, and has used one polyethylene 
shaping network with a thickness of 0.4mm of 1 5 meshes. 2 is gas separation bipolar membrane, 
it is the unsymmetrical structure which carried out the laminating of the gas permeation 
membrane of the Pori 4 methyl pentene 1 on the porosity base material, and carried out the 
laminating of the poly dimethylsiloxane on it further, and it is allotted so that a demarcation 
membrane side may face the raw material gas passage material 1. 

[0018] 3 — transparency gas passage material — it is — the polyethylene shaping network with 
a thickness of 0.4mm of 15 meshes — 100cm from the end of a volume — until — it is one 
sheet, and after it, every 50cm, it increases one sheet at a time, a laminating is carried out, and 
it is constituted. 4 is polyester film with a thickness of 100 micrometers by the gas 
nontransparent film. As for 5, the feed pipe 6 and the exhaust pipe 7 are arranged independently 
in the die-length direction in parallel with air-supply-and-exhaust tubing, and the exterior and a 
hole open for free passage have opened in the feed pipe 6 and the exhaust pipe 7, respectively. 
[0019] So that the above-mentioned raw material gas passage material 1 may be open for free 
passage to a feed pipe 6 and the transparency gas passage material 3 may be open for free 
passage to an exhaust pipe 7 The gas separation bipolar membrane 2 and the gas 
nontransparent film 4 are airtightly pasted up on the air-supply-and-exhaust tubing 5. After 
winding the ingredient of the gas nontransparent film 4 around the surroundings of the air- 
supply-and-exhaust tubing 5 in the shape of a spiral from the raw material gas passage material 
1, The gas separation bipolar membrane 2 and the gas nontransparent film 4 are airtightly pasted 
up by the end in the volume end of the gas separation bipolar membrane 2, and like drawin g 3 , 
with a sealing agent 8, adhesion closure of other 2 sides is carried out so that raw material gas 
passage and transparency gas passage may be separated airtightly. 

[0020] As compared with the gas-permeation-membrane module which the gas-permeation- 
membrane module constituted as mentioned above made only transparency gas passage material 
fixed thickness, and was created similarly, the amount of the transparency gas passage material 
used became half mostly, and the outer diameter of a gas-permeation-membrane module 
became small 30mm. 

[0021] Moreover, nitrogen concentration was 97.5% when the nitrogen concentration air flow rate 
which contains the above-mentioned gas-permeation-membrane module in a pressurized 
container 9, supplies air 4.2x1 0~4m3/s (25 l/min) pressurized by 592Pa (5 kgf/cm2G) from the 
feed pipe 6, and is obtained from a flow control valve 10 was adjusted at 8.3x1 0-5m3/s (5 l/min), 
as shown in drawin g 3 . 

[0022] According to this example, transparency gas passage material is inserted by the gas 
nontransparent film and flat film-like gas permeation membrane as mentioned above. The gas 
permeation membrane and the raw material gas passage material which sandwiched 
transparency gas passage material are made into a lot in piles. Around air-supply-and-exhaust 
tubing with which the feed pipe which supplies raw material air for a lot or two or more of these 
sets, and the exhaust pipe which exhausts a transparency gas were united, in the shape of a 
spiral Winding, The feed pipe of raw material gas passage material and air-supply-and-exhaust 
tubing opens the first end of a volume for free passage. The gas nontransparent film and gas 
permeation membrane are pasted up on air-supply-and-exhaust tubing so that the exhaust pipe 
of transparency gas passage material and air-supply-and-exhaust tubing may be open for free 
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passage. It is the process in which the end of a volume end pastes up nontransparent gas 
transparency material and gas permeation membrane on saccate so that transparency gas 
passage may be closed airtightly, close the both-sides edge of the winding direction so that raw 
material gas passage and transparency gas passage may be separated airtightly, and it results 
from a volume end at the beginning of a volume. By thickening transparency gas passage 
material one by one, a gas-permeation-membrane module with high volumetric efficiency is 
obtained. 

[0023] In addition, comparatively, since [ of the space per unit volume of a network ] the optimal 
value is determined by the recovery (ratio of the nitrogen concentration air content over an air- 
supply air content) of the permeability ability of gas permeation membrane, the gas separation 
engine performance, and a gas-permeation-membrane module etc., the number of laminatings of 
the network which constitutes the transparency gas passage material 3 of the gas-permeation- 
membrane module of this example, and the die length of each network which is carrying out the 
laminating are not limited to the value of this example. 

[0024] Moreover, although the laminating of the transparency gas passage material 3 of the gas- 
permeation-membrane module of this example was carried out and the polyethylene rennet was 
used for it, this is not limited especially if the nonwoven fabric using the foaming form using the 
network which used resin, such as polypropylene and a polyvinyl chloride, or urethane, 
polystyrene, etc., or polyester etc. is the shaping resin article which forms gaseous passage. 
[0025] Furthermore, although considered as the configuration which carried out the laminating of 
the network of fixed thickness in this example, as shown in 3-1 of drawin g 2 , it can be good also 
as a configuration which fabricated a network and the above-mentioned passage material in one 
so that thickness might change smoothly, volumetric efficiency can become good in this case, 
deformation of the gas permeation membrane by the level difference of a network can also be 
avoided, and a rolling-up man day can also be reduced. 

[0026] (Example 2) The 2nd example of this invention is explained below, referring to drawin g 4 . 
[0027] Although 1 is the configuration same at raw material gas passage material as an example 
1, winding lay length has dropped to 1/2. Although 2 is the same configuration as an example 1 
in gas separation bipolar membrane, turn up so that the transparency gas passage material 3 
may be inserted, and it is made for a clinch part to serve as a volume end, and it has closed the 
both-sides edge. Moreover, the gas nontransparent film 4 has pasted the clinch part of the gas 
separation bipolar membrane 2, and the gas nontransparent film 4 has covered the periphery of 
the gas separation bipolar membrane 2. From the end of a volume to 50cm is one sheet, and 3 is 
taken as the configuration which increased one sheet at a time and carried out the laminating 
every 25cm after it, although this is also the same configuration as an example 1 in transparency 
gas passage material. 

[0028] The gas separation bipolar membrane 2 is airtightly pasted up on the air-supply-and- 
exhaust tubing 5, and the ingredient of the gas nontransparent film 4 is wound around the 
surroundings of the air-supply-and-exhaust tubing 5 in the shape of a spiral from the raw 
material gas passage material 1 so that the above-mentioned raw material gas passage material 
1 may be open for free passage to a feed pipe 6 and the transparency gas passage material 3 
may be open for free passage to an exhaust pipe 7. The outer diameter of this gas-permeation- 
membrane module became small 10mm compared with the gas-permeation-membrane module of 
an example 1. 

[0029] Nitrogen concentration was 97.4% when the nitrogen concentration air flow rate which 
contains the gas-permeation-membrane module constituted as mentioned above in a 
pressurized container 9 as shown in drawin g 3 , supplies air 4.2x1 0~4m33/s (25 l/min) 
pressurized by 592Pa (5 kgf/cm2G) from the feed pipe 6, and is obtained from a flow control 
valve 10 was adjusted at 8.3x1 0-5m3/s (5 l/min). 

[0030] According to this example, transparency gas passage material is inserted as mentioned 
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above by the gas permeation membrane of the shape of a flat film by which the part was 
constituted from gas nontransparent film. The gas permeation membrane and the raw material 
gas passage material which sandwiched this transparency gas passage material are made into a 
lot in piles. Around air-supply-and-exhaust tubing with which the feed pipe which supplies raw 
material air for a lot or two or more of these sets, and the exhaust pipe which exhausts a 
transparency gas were united, in the shape of a spiral Winding, The feed pipe of raw material gas 
passage material and air-supply-and-exhaust tubing opens the first end of a volume for free 
passage. Gas permeation membrane is pasted up on air-supply-and-exhaust tubing so that the 
exhaust pipe of transparency gas passage material and air-supply-and-exhaust tubing may be 
open for free passage. It is the process in which make it the end of the volume end of gas 
permeation membrane serve as a clinch part of gas permeation membrane, close the both-sides 
edge of the winding direction so that raw material gas passage and transparency gas passage 
may be separated airtightly, and it results from a volume end at the beginning of a volume. By 
thickening transparency gas passage material one by one, transparency gas passage material 
can be reduced further and volumetric efficiency can be improved more. 
[0031] 

[Effect of the Invention] According to this invention, transparency gas passage material as 
mentioned above Flat film-like gas permeation membrane, Or it inserts by the gas permeation 
membrane of the shape of a flat film by which the part was constituted from gas nontransparent 
film. The gas permeation membrane and the raw material gas passage material which sandwiched 
this transparency gas passage material are made into a lot in piles. Around air-supply-and- 
exhaust tubing with which the feed pipe which supplies raw material air for a lot or two or more 
of these sets, and the exhaust pipe which exhausts a transparency gas were united, in the shape 
of a spiral Winding, The feed pipe of raw material gas passage material and air-supply-and- 
exhaust tubing opens the first end of a volume for free passage. Gas permeation membrane is 
pasted up on air-supply-and-exhaust tubing so that the exhaust pipe of transparency gas 
passage material and air-supply-and-exhaust tubing may be open for free passage. It is the 
process in which the end of a volume end makes gas permeation membrane saccate so that 
transparency gas passage may be closed airtightly, close the both-sides edge of the winding 
direction so that raw material gas passage and transparency gas passage may be separated 
airtightly, and it results from a volume end at the beginning of a volume. The configuration which 
thickened said transparency gas passage material one by one, or flat film-like gas permeation 
membrane, Or transparency gas passage material is inserted by the gas permeation membrane 
of the shape of a flat film by which the part was constituted from gas nontransparent film. Close 
the both-sides edge of gas permeation membrane, and the gas permeation membrane and the 
raw material gas passage material which sandwiched transparency gas passage material are 
made into a lot in piles. A lot or two or more of these sets in the shape of a spiral around an 
exhaust pipe Winding, It is the process in which the first end of a volume pastes up gas 
permeation membrane on an exhaust pipe so that the exhaust pipe and transparency gas 
passage material which exhaust a transparency gas may be open for free passage, the end of a 
volume end makes gas permeation membrane saccate so that transparency gas passage may be 
closed airtightly, and it results from a volume end at the beginning of a volume. Since passage 
material becomes thick one by one and passage becomes large in connection with it, even if the 
flow rate of a transparency gas carries out sequential increase in the process in which it results 
[ from a volume end ] in a cut water by considering as the configuration which thickened 
transparency gas passage material one by one, A gas-permeation-membrane module with 
volumetric efficiency high moreover without the degradation by pressure loss is realizable. 

[Translation done.] 
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JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[ Drawin g 1] The (a) sectional view and (b) expansion sectional view of a gas-permeation- 
membrane module of an example 1 

[ Drawin g 2] The sectional view which developed other gas-permeation-membrane modules of an 
example 1 

[Drawin g 3] The sectional view showing the example of use of the gas-permeation-membrane 
module of examples 1 and 2 

[ Drawin g 4] The sectional view of the gas-permeation-membrane module of an example 2 
[ Drawin g 5] the (a) sectional view of the gas-permeation-membrane module of the conventional 
example 1, and (b) — a part — an expansion perspective view 

[ Drawin g 6] the (a) sectional view of the gas-permeation-membrane module of the conventional 
example 2, and (b) — a part — an expansion perspective view and (c) expansion sectional view 
[Description of Notations] 

1 Raw Material Gas Passage Material 

2 Gas Separation Bipolar Membrane 

3 Transparency Gas Passage Material 

4 Gas Nontransparent Film 

5 Air-Supply-and-Exhaust Tubing 

6 Feed Pipe 

7 Exhaust Pipe 

8 Sealing Agent 



[Translation done.] 
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